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IN VITRO STUDIES ON ANOYLOSTOMA CANINUM WITH THIABENDAZOLE
WITH OBSERVATIONS ON LARVAL EXSHEATHMENT*
ORVILLE J. STONE, M.D., J. FRED MULLINS, M.D. AND CAROLYN J. WILLIS, M.A.
Our recent reports (1, 2, 3) on the clinical
effectiveness of thiabenzadole in "creeping erup-
tion" may stimulate other workers to do in vitro
studies on the larval forms of the offending
organisms. Hundreds of substances have been
evaluated by these technics in the past (4, 5, 6).
In this report we hope to caution other workers
as to some of the problems that may be encoun-
tered.
Thiabendazole is a new anthelmintie with a
wide range of activity (7). It has been used
effectively to treat strongyloidiasis in South
America (8) and Africa (9). The drug has been
widely studied in the veterinary field and is now
commercially available for use in animals. It
has been found effective in experimental trich-
inosis in animals, and recently we (10) reported
a rapid cure in a single case of human trichinosis.
The fact that this drug had previously been
shown to kill Trichinella spiralis larvae encysted
in muscle suggested that it be used in "creeping
eruption" which is also produced by nematode
larvae. In vivo studies in dogs have shown the
ability of this drug to protect the animals from
the invasive form of Ancylostoma caminum
larvae (11). Although the uses of thiabendazole
are still expanding, it seems to be particularly
effective against nematode larvae.
The common "creeping eruption" of the
southern and southeastern United States is pro-
duced by the larval forms of Ancylostoma
braziliemse and Ancylostoma cami mum. Since
A. braziliertse is the type which produces the
more severe form, in which the larvae persist
and migrate widely, it would be the best
species to study. However, after searching the
intestinal tract of cats in our area, we were able
to find only adults of A. cami mum, so our studies
are based on the larval form of this species.
METHOD
Source of Larvae: Thirty stray cats were exam-
ined post-mortem for the presence of adult hook-
worms in the small intestine. Sixteen of the cats
had adult hookworms present and all of these were
examined for mouth parts. It was possible, after
clearing with glycerol, to identify the mouth parts
as typical of A. caninum. In animals which had
adult A. caninum in their small intestine, the con-
tents of the colon were saved for experimental
study. The fecal material was mixed with pulver-
ized charcoal (type commercially available for bar-
be-quing) and moisture was added. There is some
destruction of the hookworm embryo and newly
hatched larvae in unmodified feces due to decom-
position products and intense acidity. Other forms
of charcoal such as blood charcoal and bone black
have been reported to give better yields. The ma-
terial was stored in petri dishes for 7 days at room
temperature before initiating studies. At that time,
the third stage larvae were present in large num-
bers and could be readily removed from the cover
of the dish.
Thiabendazole on ensheatheS larvae: A solution
containing 125 micrograms per milliliter of pure
thiabendazole was prepared by dissolving the pure
chemical in a small amount of aqueous solution of
hydrochloric acid (pH of 2). The material was
soluble at this pH and did not precipitate after di-
lution and neutralization with sodium bicarbonate.
Ten to twenty larvae were placed in micro-con-
cavity slides with 125 micrograms per ml of thia-
bendazole. Air space was allowed and controls with
distilled water were prepared each of the 10 times
the study was performed. This solution had no ef-
fect on the larvae, and they remained viable, as
did the controls, for 14 days.
Method of Exsheathment: Large numbers of
larvae were placed in shallow layers in several
small beakers. Some of these were placed in CO2jars (candle jars) and incubated at 37.5° C. Con-
trol suspensions of the larvae were placed in simi-
lar beakers in the incubator. This procedure was
repeated at least 20 times. The beakers were re-
moved from the incubator in one hour and the
larvae were observed. It was rare to observe an
exsheathing larva among those simply exposed to
incubator temperature. Over 90 percent of the lar-
vae which had been exposed to CO2 began to ex-
sheath within the first 60 minutes after removal
from the candle jar. The behavior of the larvae
after the 002 stimulus follows a very characteristic
pattern. The sheath we have been discussing is the
unshed cuticle of the previous stage. This material
does not stain well until after the exsheathing proc-
ess has been initiated. The larvae first shows signs
of being separated from the sheath but remaining
within it. The sheath begins to show signs of swell-
ing and staining a short distance from the anterior
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DISCUSSION
Previous investigators had paid little atten-
tion to the sheath that surrounds the third
stage larvae but we felt that it might be acting
as a harrier to the drug. The larvae were
readily exsheathed by exposure to CO2 . This
is a common stimulant to egg development and
lar'val exsheathment in many parasites. This is
not surprising when one considers tEat the
cuticle of the sheath is impermeable to most
substances except water and gases. The effective-
ness of CO2 as an exslieathing stimulus for
nematode larvae has been previously described
(12, 13, 14; 15), but we are not aware of work on
a species of dermatologic significance such as
A. caninurn. These same authors who worked
with CO2 have also stressed the importance of
PH and redox potential. Good reviews (16, 17)
on exsheathrnent are available. We did not study
these last factors, but on the basis of mechanical
friction anti our studies with a CO2 jar, we feel
it is extremely likely that almost all of the
larvae exsheath shortly after entering the skin.
Many larvae may lose the sheath before reach-
ing the skin because of mechanical factors.
Temperature alone did not appear to be a
stimulus to exsheath.
The behavior of the larvae after the CO
stimulus follows a very characteristic pattern.
This has been described in detail by Sommer-
ville (1957), Rogers and Sommerville (1957,
1960) and Rogers (1960) who used larvae of
Haemonchus contortur, Trichostrongylus axei,
Ostertagia circunicincta and Trichostrongylus
colubriforinis. The visible pattern they described
is so similar to what we have observed that some
assumptions of similarity seem justified.
In larvae, the exsheathing fluid is apparently
preformed and awaiting release. The nature
and composition of the exsheathing fluid is still
unknown. The sheath is primarily protein but
the evidence of previous workers indicates that
the exsheathing fluid attacks only a very re-
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FIG. 1 FIG. 2
FIG. 1. Retraction of third stage larva within its sheath. One hour after being placed in candlejar in incubator.
FIG. 2. Same larva as Fig. 1 but after a five minute time lapse, and now rapidly emerging from the
sheath.
tip. The larva begins to repeatedly retract and ex-
pand within the sheath. (See Fig. 1 showing the
larva retracted within the sheath.) After repeat-
edly expanding against the anterior portion of the
sheath a small cap breaks off or separates enough
to allow rapid emergence of the larva from the
sheath (see Fig. 2).
Thiabendazole on Exsheathed Larvae: Ex-
sheathed larvae were studied under identical con-
ditions as described above for ensheathed larvae.
There was no difference between those exposed to
the drug and controls, with both surviving as well
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stricted portion of the sheath which must ob-
viously possess special properties. As has been
described in trichostrongylus, the larvae of A.
caninum first shows signs of being separated
from the sheath but remaining within it.
Generally, the stimulus for an organism to
exsheath or for an egg to hatch may be very
non-specific. But the stimulus for the organism
to progress in development is generally highly
specific and not defined chemically. There
appears to be no satisfactory data for any
species. This marked developmental specificity
of the organism as it enters the adult stage is
the reason for the marked species specificity
seen iii parasites. How far the larvae of A.
caninum or A. braziliense progress in their de-
velopment in the skin of man is very important
for this study. However, there appears to be
no data on this subject. Experimental studies
have often assumed that the larvae within the
skin are identical to those removed from the
petri dish. The studies with CO2 showed that
this idea is erroneous because the same level of
Cft is present in skin.
There are several possible explanations for
this failure of thiabendazole to kill the ex-
sheathed larvae. One is that a metabolite may
be the active drug but there has been no other
work indicating that this occurs. We have
preliminary data indicating that the drug itself
can inhibit nematode development. Another pos-
sibility would be that the concentration of the
drug in the skin could be higher than the con-
centration used in the study. The presumption
that the drug is concentrated in the skin is not
borne out by the data supplied by the manufac-
turer on the distribution of this drug in tissue.
The most likely possibility appears to be that
the larvae progress within the human skin to a
stage where they can ingest the drug and are
therefore susceptible to its effect. The third
stage larvae do not have functioning mouth
parts.
SUMMARY
1. Thiabendazdole has no effect in vitro on
ensheatlied third stage larvae of A. caninum or
on third stage larvae that have been exsheathed
in vitro.
2. CO2 appears to be a potent stimulus for
exshieathing the third stage of A. caninuin. This
phenomenon has been demonstrated in a hook-
worm species of dermatologic significance for the
first time.
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